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Adsorption  is  the most  extensively  used  technique  for dye  sequestration.  Magnetic  separation  of toxic
pollutant  is  becoming  a potential  method  in  waste  water  puriﬁcation  and  found to  have  predominant
signiﬁcance  in  the  removal  of dyes  more  effectively  compared  to  conventional  method  of treatments.
Numerous  natural  and  synthetic  adsorbents  were  used,  out  of  which  magnetic  composites  (MCs)  and
magnetic  nanocomposites  (MNCs)  have  gained  much  attention  presently  in  the  removal  of  dyes  from
aqueous  solution.  Abundant  references  are  existing  pertaining  to  synthesis  of  various  magnetic  compos-
ites and  its application  in adsorption  of dyes.  This  report  displays  the exploitation  of MCs and  MNCs  foryes
agnetic composites
agnetic nanocomposites
eaction kinetics
adsorption  of  dyes,  hazards  posed  by dyes,  sorption  mechanism,  preparation  methods,  magnetic  behavior
and  characteristics  of magnetized  particles  with  the  relevant  literature  on the  basic  principle  of  adsorp-
tion  using  MCs  and  MNCs  for separation  of dyes  under  optimum  physicochemical  condition.  Adsorption
reaction  model,  diffusion  model  and  isotherms  which  facilitate  in  understanding  the  reaction  mechanism
between  adsorbent  and  adsorbate  are  concisely  discussed.
©  2014  Published  by Elsevier  B.V.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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. Introduction
The land consists of 75% water, but only 3% is fresh water out of
t and 1% is available for people to use (Ragunath, 2006). Water
upports life for man, animals and plants. Yet the provision of
resh water available to humanity is shrinking. One of the primary
auses of this is the polluting of many freshwater resources. The
oils, lakes and rivers has become polluted with an assortment of
aste, including untreated or partially treated municipal sewage,
oxic industrial efﬂuents, harmful chemicals, and ground waters
rom agricultural activities. Polluted water not only determines
he water availability, but also invests millions at risk of water-
elated diseases (WPNWAC, 2003). Oil and gasoline from petroleum
ndustry, sewage and solid waste, discharge of nuclear materials,
oxic chemicals from industrial plants, fertilizers and pesticides are
ajor sources of water pollution (Dozier, 2005). Fig. 1 illustrates the
ources of water contamination. In certain conditions, water pollu-
ion is caused by nature itself, but frequently, human actions are apt
or the pollutants that go in the water (Carneiro et al., 2010). Dye
s one of the most important pollutants in the efﬂuents of textile,
aper, plastic, food and cosmetic industries (Rafatullah et al., 2010).
any of the industrial dyes are toxic, carcinogenic, mutagenic and
eratogenic (Mekkawy et al., 1998; Oxspring et al., 1996). It is cal-
ulated that, over 100,000 commercially available dyes with more
han 7 × 105 tonne of dyestuff are produced per year (McMullan
t al., 2001; Pearce et al., 2003; Lee et al., 2006). Therefore, there is
 huge quantity of colored waste water is generated from these
anufactures. Recently, the removal of dyes from efﬂuent has
iven much consideration in controlling water pollution. Among a
ange of techniques available for dye removal from efﬂuent, such as
dsorption, ﬂocculation, oxidation and electrolysis (Wawrzkiewicz,
012; Crini, 2003), adsorption turns to be uncomplicated, effec-
ive and economical technique applied for wastewater treatment
Shuang et al., 2012). In general, adsorbent used are smaller in size
ince smaller size adsorbents have increased surface area leading to
ighest adsorption capacity. But it would be really hard to sort them
rom water after reaching saturated adsorption. In such conditions,
agnetic separation of adsorbents has been one of the promising
echniques for wastewater treatment, since no contaminants such
s ﬂocculants are produced and large quantity of efﬂuent can be
andled within a diminutive period (Rocher, 2008; Luo and Zhang,
009). Magnetic separation technique using MCs (magnetic com-
osites) and MNCs (magnetic nanocomposites) has attained wide
se in sequestration of dyes due to its stupendous signiﬁcance
n accelerating separation speed and improvising the efﬁciency of
ater treatment (Qadri et al., 2009).
This review is to provide a summary of information bearing on
he use of MCs  and MNCs as adsorbents for removal of dyes from
Fig. 1. Sources of water contamination., Monitoring & Management 1–2 (2014) 36–49 37
aqueous solution. The competence of MCs  and MNCs are discussed
with their operational parameters. Further, overview of few MCs
and MNCs used for adsorption and its performances over removal of
dyes are discussed separately. The adsorption kinetic, diffusion and
isotherm models which inﬂuence the equilibrium time required for
solute uptake from liquid phase are also surveyed.
2. Industrial dye stuffs
Dyes are colored organic compounds that are applied to impart
color to various substrates including paper, leather, fur, hair, drugs,
cosmetics, waxes, greases, plastics and textile materials (Amith
et al., 2007; Samanta and Agarwal, 2009; Monash and Pugazhenthi,
2009). The main role of dyes is in the cloth industry, despite
substantial quantities are consumed for coloring, such diverse
materials as leather, paper, plastics, crude oil products and intellec-
tual nourishment. Generally, the dyes used in the textile industry
are basic dyes, acid dyes, reactive dyes, direct dyes, azo dyes, mor-
dant dyes, vat dyes, disperse dyes and sulfur dyes (Demirbas, 2009),
where azo derivatives are the major class of dyes, used in the indus-
tries (Forgacs et al., 2004). Dyes can be classiﬁed into cationic,
anionic and nonionic dyes. Cationic dyes are basic dyes while the
anionic dyes include direct, acid and reactive dyes (Mishra and
Tripathy, 1993). General classiﬁcation of colorants is shown in
Fig. 2.
3. Hazards of dyes
The dye materials are not only possesses harmful effects, but
also aesthetically unpleasant in water. The dyes used in the tex-
tile industries include several structure varieties such as acidic,
reactive, basic, disperse, azo, diazo, anthraquinone based and metal
complex dyes (Banat et al., 1996). It puts up have more or less harm-
ful effects. Intense exposure to dyes leads to have increased heart
rate, vomiting, shock, Heinz body formation, cyanosis, jaundice,
quadriplegia, and tissue necrosis in humans (Vadivelan and Kumar,
2005). Dyes like Metanil Yellow also have a tumor-producing effect
(Ramachandani et al., 1997) and can produce enzyme disorders in
the human body (Das et al., 1997). However, it is not mutagenic but
can alter the gene expression (Gupta et al., 2003). On oral consump-
tion, it causes toxic methaemoglobinaemia (Sachdeva et al., 1992)
and cyanosis (Chandro and Nagaraja, 1987) in humans, while skin
contact results in allergic dermatitis (Hausen, 1994). The oral feed-
ing or intraperitoneal and intratesticular administration of dyes
in animal produces testicular lesions due to which seminiferous
tubules suffer damage and rate of spermatogenesis is decreased
(Tiwari, 2012).
4. Sorption and its mechanism
Sorption is one of the processes, being widely used for dye
removal and has wide applicability in wastewater treatment. The
term sorption refers to a process wherein a material is centered at
a solid surface from its liquid or gaseous environment. In universal,
two classes of sorption processes are available, if the draw between
the ﬁrm surface and the adsorbed molecules is physical in nature,
the adsorption is referred to as physical adsorption (physisorp-
tion) and if the attraction forces are due to chemical bonding,
the adsorption process is called desorption. Frequently, in physi-
cal adsorption, the attractive forces between adsorbed molecules
and the solid surface are Van der-Waals forces of attraction and
reversible adsorption occurs when they are weak in nature and in
case of chemisorptions, the higher intensity of the bonding results
in difﬁculty to remove chemisorbed adsorbate from the solid sur-
face (Gupta and Suhas, 2009; Yadla et al., 2012).
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The essential characteristic of an adsorbent is that, the quan-
ity of adsorbate accumulated on adsorbent which is generally
stimated from the adsorption isotherms. The adsorbent should
ossess few basic qualities such as porous in structure (resulting
n high surface area), smaller in size and time taken for adsorption
quilibrium should be as depressed as possible with the purpose
hat it can be used to remove dye wastes in a short period (Gupta
nd Suhas, 2009; Nguyen and Juang, 2013). Tailoring of naturally
vailable adsorbents as MCs/MNCs provides an excellent property
akes them to be well recovered by magnetic separation tech-
ology after adsorption or regeneration, which sweeps over the
isadvantage of separation (Solis et al., 2012). By impregnation
ith a magnet, the adsorbents could be easily told apart from solu-
ions under an external magnetic ﬁeld (Yang et al., 2009; Pham
t al., 2011; Slunjski, 2000). Investigation of other factors such as
H, activators & depressants, adsorbent & adsorbate concentra-
ions, temperature, agitation, etc. are desirable in understanding
he adsorption of dyes on magnetic composites (Salleh et al.,
011). Fig. 3 explains the overview of adsorption processes using
Cs/MNCs.
. Preparation techniques involved in synthesis of
Cs/MNCs
Several preparation methods were described for synthesis
f magnetic nanoparticles which includes co-precipitation (Wua
t al., 2011; Drbohlavova et al., 2009; Zhao et al., 2008), thermal
ecomposition (Daengsakul et al., 2009), solvothermal (Li et al.,
013a), microemulsion (Drmota, 2012), sonochemical (Wu  et al.,
007), chemical vapor deposition (Morales et al., 2013), microwave
ssisted (Safarik et al., 2013), polyol process (Karipoth et al., 2013),
ydrothermal (Nejati et al., 2012), photolysis (Nkosi et al., 2012),
Identification of suitable 
adsorbent material for 
colour removal
Synthesis and 
preparation of ferro 
fluid  
Magnetic separation of 
MCs/MNCs  and elution 
of aqueous solution
Desorption of 
colourants from 
adsorbent used 
Fig. 3. Overview of adsorption pwhitener s
tion of colorants.
Sol–Gel (Xu et al., 2007), electrochemical (Starowicz et al., 2011),
electrodeposition (Banerjee et al., 2000), laser pyrolysis methods
(Sabino et al., 2004) have been reported for synthesis of MNCs. Par-
ticle size distribution, particle size control, crystallinity and crystal
structure, shape control, alignment (Rao, 2007; Hyeon, 2003) are
the key issues in synthesizing MNCs. These methods assist in
preparing magnetic composites, which are stable at ambient tem-
perature, uniform size, regular shape, high level of monodispersity,
non-aggregate, etc. Fig. 4 presents the classiﬁcation of magnetic
composites synthesizing techniques.
6. Magnetic behavior of magnetized particles
External magnetic ﬁeld applied to materials determines the
property of magnetic particles. Descriptions of orientations of the
magnetic moments in a material aid to identify different forms
of magnetism observed in nature. Five basic types of magnetism
can be described: diamagnetism, paramagnetism, ferromagnetism,
antiferromagnetism and ferrimagnetism (Akbarzadeh et al., 2012).
Diamagnetism is a central attribute of all atoms (atoms), and the
magnetization is very small and opposed to the applied magnetic
ﬁeld direction. Many materials exhibit paramagnetism, where a
magnetization develops parallel to the applied magnetic ﬁeld as the
orbit is increased from zero, however, the effectiveness of the mag-
netization is small. Ferromagnetism is the belongings of those stuffs
which are inherently magnetically ordered and which develop
spontaneous magnetization without the need to utilize a ﬁeld. A
disparity on ferromagnetism is ferrimagnetism, where different
atoms possess different moment strengths, but at that state is still
an ordered state below a certain critical temperature. The magnetic
material can be sorted based on their susceptibility, i.e., diamagnet
( < 0), paramagnet ( > 0), ferromagnet (  0). It has been proven
Magnetic modification 
of adsorbent material 
using ferro fluid 
(MCs/MNCs)
MCs/MNCs added to 
analyte  (dye solution) 
for adsorption of dyes 
on to MCs/MNCs
Regenration and reuse 
of MCs/MNCs for next 
cycle of adsorption 
process
rocess using MCs/MNCs.
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where h is the Planck constant (6.626 × 10−27 erg/s);  ˇ is Univer-
sal constant (9.274 × 10−21 Erg/G);  is frequency (9.707 × 109 Hz)
and Hr a resonance of magnetic ﬁeld (G). These values will be anFig. 4. General classiﬁcation of techni
hat many of the unique magnetic properties of nanoparticles can
e ascribed to their high surface-to-volume ratio (Frey et al., 2009;
ingamaneni et al., 2011). Saturation magnetism (Ms) varies with
ize until it passes a threshold size beyond which magnetization is
onstant and is close to the bulk value. The linear dependence of
s on size below this threshold has been shown in various sub-
ect areas. Research on the effect of shape inﬂuence the property of
Cs  and MNCs in volume or related size parameter. The anisotropy
alue (Magnetic anisotropy is the directional dependence of a mate-
ial’s magnetic properties) for spherical nanoparticles is higher than
ubic nanoparticles of the same volume (Noh et al., 2012; Song and
hang, 2004; Salgueiro et al., 2013; Ardisson et al., 2008). Com-
osition is the most commonly cited parameter responsible for
etermining the speciﬁc magnetic properties of a material. These
agnetic properties arise in the presence or absence of unpaired
alence electrons located on the metal atoms or metal ions found
n MNPs (Zhen et al., 2011; Williams et al., 1982). The orientation of
he magnetic moment, , associated with the electrons deﬁnes the
agnetic behavior. Using the magnetic moment of a single electron,
.73 Bohr magnetons (BM), we can calculate the magnetic moment
n MCs  and MNCs (West, 1999; Kolkhatkar et al., 2013).
. Characteristic features of magnetized particles
Magnetic adsorbents have been prepared extensively using
etal oxide as a backing material for natural and synthetic adsor-
ents. Adsorbent/catalyst like magnetic metal oxide composite
nd magnetic metal oxide supported adsorbents possesses high
dsorption capacity and catalytic activity toward organic and inor-
anic waste water coming out from coal and steel industries,
extile and dyeing industries etc. The magnetic modiﬁed adsor-
ents can be generally classiﬁed according to difference of the
upport of magnetic particles such as magnetic particle modiﬁed
arbon adsorbent, magnetic particles modiﬁed clay mineral adsor-
ent, magnetic particle modiﬁed biopolymer adsorbent, etc. (Jiuhui,
008).
Magnetic metal oxide composite adsorbent (powder CuFe2O4
nd MnO–Fe2O3) was ﬁrst prepared by a simple co-precipitation
ethod from environmental friendly and low cost materials by
u et al. (2004, 2005). This nanocomposites have a relatively highurface area, a smaller particle size, and porous structure. In par-
icular, the excellent magnetic property of the powder makes them
o be easily recovered by magnetic separation technology after
dsorption or regeneration, which overcomes the disadvantage ofction
f synthesizing magnetic composites.
separation difﬁculty of common powdered adsorbents. Wu  also
studied the adsorption performance of the magnetic composites
using azo dye, namely, Acid red-B (ARB) as a model compound.
The results demonstrated that both the CuFe2O4 and MnO–Fe2O3
adsorbents had high adsorption rate and the maximal adsorption
capacities for ARB are 86.8 and 105.3 mg/g, respectively.
The presence of ferroﬂuids in the magnetically modiﬁed adsor-
bents can be investigated with an electron spin resonance (ESR)
spectrophotometer. Microscopic observation facilitates in char-
acterizing magnetic modiﬁed adsorbents. The application of an
outside magnetic ﬁeld may bring forth an inner magnetic ﬁeld in the
sample which will add to or deduct from the external ﬁeld (Kara
and Demirbel, 2012; Yavuz et al., 2006). The local magnetic ﬁeld
generated by the electron magnetic moment will add vectorially to
the external magnetic ﬁeld (Hext) to present an effective ﬁeld (Heff)
(Eq. (1)).
Heff = Hext + Hlocal, (1)
Yavuz et al. (2006) developed a magnetically modiﬁed yeast cells
for the absorption of mercury. The relative intensity magnetic mod-
iﬁed yeast cell is found to be 100. This value indicates that the yeast
cell structure has a local magnetic ﬁeld because of ferroﬂuid in its
construction. The g factor can be considered as quantity character-
istic of the molecules in which the unpaired electrons are turned
up, and it is calculated from Eq. (2). The mensuration of the g factor
of an unknown signal can be a valuable help in the identiﬁcation of
a signal. In the literature the g factor for Fe3+ is determined between
1.4–3.1 for low spin and 2.0–9.7 for high spin complexes (Swartz,
1997). The g factor was found to be 3.8 for magnetically modiﬁed
yeast cell structure.
g = h
ˇHr
, (2)important design parameter for a magnetically stabilized ﬂuidized
bed or for magnetic ﬁltration. The value of this magnetic ﬁeld is a
part of the ﬂow velocity, particle size and magnetic susceptibility
of solids to be removed (Swartz, 1997; Akgol and Denizli, 2004).
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Table 1
Summary of adsorption capacity of magnetic composites for dyes.
Adsorbent Adsorbate Adsorption
capacity (mg/g)
pH Temp. (◦C) Kinetic model Isotherm Reference
Glutamic acid modiﬁed chitosan
magnetic composite
Crystal violet 375.4 7 20 Pseudo 2nd order Langmuir Yan et al. (2013)
Glutamic acid modiﬁed chitosan
magnetic composite
Light yellow 7GL 217.3 7 20 Pseudo 2nd order Langmuir Yan et al. (2013)
Monoamine modiﬁed magnetic silica Acid orange 10 61.33 3 25 Pseudo 2nd order Langmuir Atia et al. (2009)
Epichlorohydrin magnetic alginate
beads
Methyl orange 6.54 7.5 – Pseudo 2nd order Langmuir Rocher et al. (2010)
Magnetic chitosan/poly (vinyl alcohol)
hydrogel beads
Congo red 470.1 – 25 Pseudo 2nd order Langmuir Zhu et al. (2012)
Magnetic graphene oxide
(impregnation method)
Reactive Black 5 164 3 25 Pseudo 2nd order Langmuir Kyzas et al. (2013)
Magnetic graphene oxide
(co-precipitation method)
Reactive Black 5 188 3 25 Pseudo 2nd order Langmuir Kyzas et al. (2013)
Organosilane functionalized Fe3O4
composite
Brilliant blue FCF 241 mmol/kg 6.5 <50 – Langmuir Wu et al. (2006)
Magnetic cellulose Fe3O4 activated
carbon composite
Congo red 66.09 4 25 Pseudo 2nd order Langmuir Zhu et al. (2011)
Magnetic -Fe2O3 crosslinked chitosan
composite
Methyl orange 29.83 4 – Pseudo 2nd order – Zhu et al. (2010)
Magnetic porous covalent
triazine-based framework
Methyl orange 291 – 25 Pseudo 2nd order – Zhang et al. (2011)
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Magnetic powder MnO–Fe2O3 Acid red ARB 105.3 
. Magnetic Composites (MCs) as dye adsorbent
MCs  have been widely used with adsorption process in envi-
onmental puriﬁcation. The main advantage of MCs  is that a mass
f wastewater can be disposed in a very short period of time and
roduce no contaminants. Most commercially available magnetic
articles are rather expensive and cannot be applied to large-
cale processes (Safarik et al., 2012). Magnetic modiﬁcation of low
ost adsorbents could lead to materials suitable for biotechnology
nd environmental applications (Safarik and Safarikova, 2010). The
agnetic separation provides a desirable path for online separa-
ion, where particles with afﬁnity to target species are merged with
he heterogeneous solution. Upon merging with the solution, the
articles tag the target species. The external magnetic ﬁeld is then
pplied to separate the tagged particles from the solution. Table 1
eveals the maximum adsorption capacity of magnetic composites
t optimum pH and temperature and models ﬁt toward a range of
yes.
Safarik et al. (2012) used magnetically modiﬁed spent coffee
rounds (discharged from food industries) for adsorption of few
yes crystal violet, malachite green, amido black 10B, congo red,
ismarck brown Y, acridine orange and safranin O. The maximum
dsorption capacity reached 73.4 mg/g of dried magnetically mod-
ﬁed coffee grounds for acridine orange. The existence of iron along
he magnetic modiﬁed coffee grounds was detected using adapted
erl’s staining procedure. The outcomes of the batch experiment
isibly exhibit that the spent coffee grounds can be effortlessly
ltered into a magnetic form by magnetic ﬂuid treatment for poten-
ial removal of selected dyes.
Safarik and Safarikova (2010) applied ferroﬂuid modiﬁed peanut
usks (FMMPH) for the sequestration of water soluble organic dyes
rom aqueous solution. FMMPH  was used as an absorbent to study
he binding of several water soluble dyes (acridine orange, bis-
arck brown, crystal violet and safranin-O). Maximum adsorption
as achieved up to 95.3 mg/g, 86.1 mg/g, 80.9 mg/g and 71.4 mg/g
or bismarck brown, safranin-O, crystal violet and acridine orange
espectively. The langmuir isotherm ﬁts well with equilibrium
dsorption data. Therefore, this low cost adsorbent could be poten-
ially used for removal of dyes.
Yan et al. (2013) prepared biodegradable magnetic adsorbent
sing glutamic acid modiﬁed chitosan by a one-step method.3.5 – Pseudo 2nd order Langmuir Wu et al. (2005)
The construction of the glutamic acid modiﬁed chitosan magnetic
composite microspheres (CS-Glu-MCMs) was characterized by
Fourier transform infrared spectroscopy (FTIR), thermogravimetric
analysis (TGA), vibrating-sample magnetometer (VSM), scanning
electron microscope (SEM), and equilibrium swelling experiment.
CS-Glu-MCM was used as adsorbent for elimination of cationic
dyes, methylene blue (MB), crystal violet (CV) and light yellow
7GL (7GL), from aqueous solution and the adsorption capacity was
found to be 180 mg/g for MB,  375.4 mg/g for CV and 217.3 mg/g for
7GL. CS-Glu-MCM shows the highest dye uptake rate on compar-
ing with chitosan magnetic composite microspheres (CS-MCMs)
without modiﬁcation. This may  be due to the size of the mag-
netic atom. The diameter of CSGlu-MCM (∼90 m) is lesser than
that of CS-MCM (∼120 m),  exhibiting a larger surface area for
CS-Glu-MCM and therefore an improved adsorption performance
was achieved. Further, carboxyl groups on glutamic acid in CS-Glu-
MCM  play a major chore in the adsorption of dyes. The adsorption
of dyes by both CS-MCM and CS-Glu-MCM ensures the homo-
geneous monolayer chemisorption mechanism. Desorption was
performed at room temperature. The dyes loaded magnetic adsor-
bents were recovered using 0.1 mol  dm3 HCl aqueous solutions and
consequently activated for regeneration using 0.1 mol  dm3 NaOH
aqueous solution to pH 8.0.
Safarikova et al. (2005) synthesized magnetically modiﬁed
Brewer’s yeast cells (Saccharomyces cerevisiae) using water based
magnetic ﬂuid for adsorption of various water soluble dyes.
The adsorption capacity was found to be 228.0 mg/g, 93.1 mg/g,
46.6 mg/g, 41.7 mg/g, 11.6 mg/g for aniline blue, congo red,
safranine-O, crystal violet, naphthol blue respectively. The quan-
tity of the heat treatment during the preparation process was set
up to cause a minor inﬂuence on the adsorption capacity. The
experiment ﬁts well with Freundlich isotherm describing a het-
erogenous adsorption. The maximum adsorption was  achieved for
aniline blue, could be induced by the bearing of two aromatic rings
with sulfonic group.
Atia et al. (2009) synthesized monoamine modiﬁed
magnetic silica (MAMMS)  using precipitation method and
compared the adsorption efﬁciency of MAMMS  and MAMPS
(magnetic free silica). The particles were immobilized with 3-
aminopropyltriethoxysilane and characterized by FTIR and X-ray
diffraction (XRD). The Gibbs free energy (G◦) indicates the
ology
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pontaneity of adsorption was found to be −26.52 and
28.49 kJ/mol at 25 ◦C for MAMPS  and MAMMS, respectively.
he adsorption depending on pH was brought away to advance
ia the electrostatic attraction between the positively charged
rotonated amino groups on the silica surface ( NH3+) and the
egatively charged sulfonate groups (SO3−) of the dyestuff. The
igher adsorption capacity was recognized for MAMMS  in spite
AMPS  possesses a higher surface area and pore volume. This may
e ascribable to the formation of thin ﬁlms of silica on magnetite
ne particles that facilitates the interaction between dye with
he active sites of silica and inaccessibility of the dye ions for
ntraparticle diffusion in MAMPS. Desorption was performed using
n aqueous solution of 10pH and 98% recovery was  achieved after
hree adsorption/desorption cycles.
Epichlorohydrin magnetic alginate beads (EpiMAB) were made
sing extrusion technique and crosslinked with epichlorohy-
rin by Rocher et al. (2010). EpiMAB served as biosorbent for
he removal of the dyes methyl orange (MO) and methylene
lue (MB). The Langmuir equation ﬁts well the adsorption data
ith maximum adsorption capacities of 0.02 mmol/g for MO and
.7 mmol/g for MB.  The issue of pH of the solution on adsorption
s also tested and found effective at 7.5 and <7 for MB and MO
espectively.
Zhu et al. (2012) prepared a novel magnetic chitosan/poly
vinyl alcohol) hydrogel beads (m-CS/PVA HBs) by an instantaneous
elation method and characterized by XRD, VSM and TGA. The
dsorption capacity of congo red on m-CS/PVA HBs was found to be
70.1 mg/g. Positive value of enthalpy change (H◦) (13.32 kJ/mol)
ndicates that the adsorption was endothermic and physical in
ature. The values of Gibbs free energy change (G◦) were found
o be 3.321 kJ/mol at 25 ◦C for m-CS/PVA HBs, indicating the spon-
aneity of congo red adsorption.
Magnetic graphene oxide (mGO) has been tested for adsorption
n Reactive Black 5 (RB5) by Kyzas et al. (2013). The synthesis of
GO  was achieved in both impregnation (mGOi nanoparticles) and
o-precipitation method (mGOp nanoparticles). Characterization
ith various techniques (SEM, FTIR, XRD and VSM) reveals many
ossible interactions/forces of dye-composite system. The adsorp-
ion evaluation of the magnetic nanoparticles obtained higher
dsorption capacity of mGOp derivative (188 mg/g) and lower of
GOi (164 mg/g).
Wu et al. (2006) produced organosilane-functionalized Fe3O4
omposite particles by reacting organosilane precursor, bis
(3-trimethoxysilyl) propyl]-ethylenediamine (TSPED) on Fe3O4
agnetic particles. The adsorption and desorption properties of
he composites were tested against brilliant blue FCF (BBF) and the
xperimental results conﬁrm equilibrium time for adsorption and
esorption was achieved within 15 min. The composites present a
occule form and therefore sequestration from the solution with a
agnet is effortless. The equilibrium adsorption amount is found to
ncrease with increasing initial dye concentration and diminished
ith the increasing ionic strength. Hydrogen bonding, electrostatic
nd hydrophobic attractions are found to be the driving forces for
he adsorption of BBF. In addition, anion exchange exhibits a sub-
tantial role during adsorption. NaOH solution appears to be a more
fﬁcient desorption medium than NaCl solution.
Magnetic cellulose/Fe3O4/activated carbon composites (m-
ell/Fe3O4/ACCs) were successfully synthesized and used for
dsorption of congo red by Zhu et al. (2011). Characterizations
f m-Cell/Fe3O4/ACCs were carried out using XRD, BET, TGA, SEM
nd VSM. The initial dye concentration, contact time, temperature,
dsorbent dosage and pH played a major role in the dye adsorp-
ion on m-Cell/Fe3O4/ACCs. The maximum adsorption capacity
f CR on m-Cell/Fe3O4/ACCs was found to be 66.09 mg/g. The
seudo-second-order model ﬁtted well with experimental data and
angmuir isotherm equation could better describe the adsorption., Monitoring & Management 1–2 (2014) 36–49 41
Negative values of free energy change indicated that adsorption
was spontaneous.
Zhu et al. (2010) created novel magnetically separable
adsorbent magnetic -Fe2O3 crosslinked chitosan composites (M-
Fe2O3/CSCs) by miroemulsion process and characterized by XRD,
FTIR, TGA, DSC, SEM and VSM (Vibrating Sample Magnetometer).
M-Fe2O3/CSCs was  tested for adsorption of methyl orange (MO)
from aqueous solution. Adsorption results showed that both adsor-
bents with a weight ratio of -Fe2O3 to chitosan of 1:10 and 2:5
exhibited higher adsorption capacities and attained adsorption
equilibrium in a shorter time compared with crosslinked chitosan.
The intraparticle diffusion was  found to be the rate-controlling
step for adsorption using crosslinked chitosan. Boundary layer
diffusion found to act as a substantial role in adsorption using
M-Fe2O3/CSCs. After adsorption, M-Fe2O3/CSCs were effectively
separated from the reaction solution in 10 seconds by applying an
adscititious magnetic ﬁeld.
A magnetic porous carbonaceous polymeric material, cova-
lent triazine-based framework (CTF), CTF/Fe2O3 composite has
been synthesized by Wang Zhang in 2011 using facile microwave-
enhanced high-temperature iono-thermal method. The resulting
samples were characterized by the XRD, XPS, SEM, TEM, VSM
and N2 sorption–desorption isotherms. The CTF/Fe2O3 compos-
ites were applied to get rid of organic dye from aqueous solution
by selecting methyl orange and both high adsorption capacity
(291 mg/g) and fast adsorption kinetics (kads = 4.31 m2/mg/min)
were observed (Zhang and Kong, 2011).
Rongcheng et al. (2005) employed magnetic powdered
MnO–Fe2O3 composites for the removal of an azo-dye, acid red
B (ARB) from water. The adsorption and regeneration of adsor-
bents containing ARB by catalytic combustion were studied. These
powder adsorbents showed excellent adsorption toward ARB under
acidic conditions, adsorption rate was  observed and could be well
described by the pseudo-second order kinetic model. The adsorp-
tion capacity increased with increasing Fe content and surface area
of the adsorbent, and the highest adsorption capacity of 105.3 mg/g
was obtained at pH 3.5. The presence of Cl− does not affect adsorp-
tion, but was  signiﬁcantly impressed by SO2−4 .
Xiao et al. (2013) synthesized magnetic porous carbons (MPCs)
from an iron-based metal-organic framework (MOF) by a novel
microwave-enhanced high temperature iono-thermal method.
Structure, morphology and magnetic property, as well as poros-
ity of the MPCs were studied by powder XRD, X-ray photoelectron
spectroscopy (XPS), Brunauer–Emmett–Teller (BET) surface area
method, TGA, VSM, SEM, and high resolution TEM. Their adsorption
properties were preliminarily tested by the adsorptive removal of
MB  dye from aqueous solution. The products exhibit high surface
areas (up to 800 m2/g) with different magnetic separation per-
formance (MS  = 4.12–19.54 emu/g), and possess high adsorption
capacity toward methylene blue (303.95 mg/g). MPCs also found to
be recoverable and recyclable, super-adsorbents for removal and
recovery of pollutants. Table 2 provides the information about the
adsorption capacity of MCs  toward a range of dye.
Ai et al. (2011) developed a novel adsorbent montmorillonite/
CoFe2O4 composite with the magnetic separation potential in a
facile, one-step low-temperature reﬂuxing route. The structure,
morphology and magnetic properties of the synthesized composite
were characterized by XRD, SEM and VSM. Adsorption character-
istics of the composite were examined by using methylene blue
(MB) as an adsorbate. The outcomes indicated that the adsorp-
tion isotherm data were ﬁtted well to the Langmuir isotherm
and followed the pseudo-second-order kinetic model. Adsorption
mechanism was found to be pH dependent. Most silanol and alu-
minol groups on edges are protonated at pH <4. Hence, adsorption
capacity found lower at lower pH, and increases with increasing
pH.
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Table 2
Comparison of adsorption capacity of magnetic composites for range of dyestuffs.
Adsorbate Adsorbent Adsorption capacity (mg/g) Isotherm Reference
Acridine Orange magnetically modiﬁed spent coffee grounds 73.4 Langmuir Safarik et al. (2012)
Amido black 10B magnetically modiﬁed spent coffee grounds 1.24 Freundlich Safarik et al. (2012)
Bismark brown magnetically modiﬁed spent coffee grounds 69.2 Langmuir Safarik et al. (2012)
Congo red magnetically modiﬁed spent coffee grounds 9.43 Langmuir Safarik et al. (2012)
Crystal red magnetically modiﬁed spent coffee grounds 68.1 Langmuir Safarik et al. (2012)
Malachite green magnetically modiﬁed spent coffee grounds 43.0 Langmuir Safarik et al. (2012)
Safranin-O magnetically modiﬁed spent coffee grounds 59.0 Langmuir Safarik et al. (2012)
Bismarck brown Ferroﬂuid modiﬁed peanut husks 95.3 Langmuir Safarik and Safarikova (2010)
Safranin-O Ferroﬂuid modiﬁed peanut husks 86.1 Langmuir Safarik and Safarikova (2010)
Crystal violet Ferroﬂuid modiﬁed peanut husks 80.9 Langmuir Safarik and Safarikova (2010)
Acridine orange Ferroﬂuid modiﬁed peanut husks 71.4 Langmuir Safarik and Safarikova (2010)
Methylene blue Glutamic acid modiﬁed chitosan magnetic composite 180 Langmuir Yan et al. (2013)
Aniline blue Magnetically modiﬁed yeast 228 Freundlich Safarikova et al. (2005)
Congo red Magnetically modiﬁed yeast 93.1 Freundlich Safarikova et al. (2005)
Safranine-O Magnetically modiﬁed yeast 46.6 Freundlich Safarikova et al. (2005)
Crystal violet Magnetically modiﬁed yeast 41.7 Freundlich Safarikova et al. (2005)
Naphthol blue Magnetically modiﬁed yeast 11.6 Freundlich Safarikova et al. (2005)
Methylene blue Epichlorohydrin magnetic alginate beads 229.18 Langmuir Rocher et al. (2010)
30
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Methylene blue Montmorillonite COFe2O4 composite 
. Magnetic Nanocomposites (MNCs) as dye adsorbent
The emergence of tailored nanoparticles with magnetic prop-
rties and high adsorption competence for an extended mixture
f compounds, offer a novel tool to deal with waste water puriﬁ-
ation (Qu et al., 2013). The functionalized magnetic nanoparticles
ave recently been examined as a promising platform for detection
nd separation application (Jung et al., 2011). Table 3 furnishes the
nformation about the use of the MNCs for adsorption of toxic dye
ollutant with its competence toward toxic dyes.
Zhou et al. (2011) investigated ethylenediamine-modiﬁed mag-
etic chitosan nanoparticles (EMCN) for adsorption of acid orange
 (AO7) and acid orange 10 (AO10) from aqueous solution. The
dsorption experiments indicated that the maximum adsorption
apacity occurred at pH 4.0 for AO7 and pH 3.0 for AO10, respec-
ively. Equilibrium experiments ﬁtted well with the Langmuir
sotherm model, and the maximum adsorption capacity of the
MCN at 298 K was determined to be 3.47 mmol/g for AO7 and
.25 mmol/g for AO10, respectively. The mechanisms of the adsorp-
ion process of the acid dyes on the EMCN are expected to be the
onic interactions of the colored dye ions with the amino groups of
he EMCN. Desorption of dyes from EMCN were carried out using
H4OH/NH4Cl solution at pH 10. The % recovery of desorption
ound to be 81.1% and 87.8% for AO7 and AO10 respectively.
Zhang and Kong (2011) synthesized magnetic Fe3O4/C
ore–shell nanoparticles by a simple strategy and used as adsorbent
or removal of organic dyes from aqueous solution. The resulting
roducts are characterized by SEM, energy dispersive X-ray spec-
rometry (EDX), XPS, XRD, and FTIR. Adsorption performances of
he Super paramagnetic Fe3O4/C nanoparticles with average size
50 nm was tested with removal of methylene blue (MB) and
resol red (CR) from aqueous solution. The adsorption capacities
or MB  and CR in the concentration range studied are 44.38 mg/g
nd 11.22 mg/g respectively. The higher adsorption capacity for
B was recognized to those functional groups (such as OH, CO)
n the composite surface and the negative potential of the mag-
etic nanocomposites that provide weak electrostatic interaction
etween the cationic dye and the nanomaterials.
Xie et al. (2011) prepared iron oxide nanoparticles on the hal-
oysite nanotube (HNT) to create a magnetic sorbent HNT–Fe3O4,
nvestigated for adsorption for three dyes namely methylene blue
MB), neutral red (NR) and methyl orange (MO). HNT–Fe3O4
as characterized by TEM, FTIR, XRD and TGA. Magnetic
roperties illustrated that HNT–Fe3O4 was superparamagnetic5.95 – Xiao et al. (2013)
7.75 Langmuir Ai et al. (2011)
with a saturation magnetization (27.91 emu/g). The magnetic
HNT–Fe3O4 exhibited better adsorption on MB (18.44 mg/g) than
NR (13.62 mg/g), while the adsorption of MO  (0.65 mg/g) was very
little.
Magnetite nanoparticles coated with an anionic biopolymer
poly (c-glutamic acid) (PGA-MNPs) were synthesized by Inbaraj
(2011). Both bare and dye-loaded PGA-MNPs were characterized by
FTIR, TEM and VSM measurements. Redlich–Peterson and Langmuir
models precisely described the isotherm and the maximum adsorp-
tion capacity was  78.67 mg/g. A pseudo-second-order equation best
predicted the kinetics with a maximum adsorption attained within
5 min. Desorption was  performed by turning down the pH of deion-
ized water from 5 to 1, the percentage of dye recovery rose from
17.6 to 100 with 91.0% recovery.
Magnetic nanoparticles with iron oxides and N-benzyl-O-
carboxymethylchitosan, an amphiphilic chitosan derivative, were
prepared through the incorporation method by Debrassi et al.
(2012a). The characterization of MNCs was  performed by FTIR,
TGA, TEM, Mossbauer spectroscopy, and magnetization measure-
ments. The material was used to adsorb three cationic dyes
[MB, CV, and malachite green (MG)] from aqueous solution. The
Langmuir–Freundlich equation was  the best isotherm model, and
the maximum adsorption capacities were 223.58, 248.42, and
144.79 mg/g for MB,  CV, and MG,  respectively. Desorption exper-
iments were performed with HCl solution in order to reuse the
adsorbent. The dye adsorption capacity found to be decreased
slowly with increasing the number of cycles.
Singh et al. (2011) developed and characterized a novel mag-
netic carbon-iron oxide nanocomposite (MCIONC) for adsorption
of crystal violet (CV) dye from water. A four-factor central compos-
ite design (CCD) combined with response surface modeling (RSM)
was used for maximizing CV removal from aqueous solution by the
MNCs based on 30 different experimental data obtained in a batch
study. The Langmuir adsorption capacity of the adsorbent was
determined as 81.70 mg/g. The model predicted maximum adsorp-
tion of 113.31 mg/g under the optimum conditions of variables
(dye concentration 240 mg/l; temperature 50 ◦C; pH 8.50; dose
1 g/l), which was very close to the experimental value (111.80 mg/g)
determined in batch experiment.
Fei Ge modiﬁed magnetic nanoparticles (MNPs) with 3-
aminopropyltriethoxysilane and copolymers of acrylic acid and
crotonic acid for removal of cationic dyes crystal violet (CV), methy-
lene blue (MB) and alkali blue 6B (AB 6B) from water solution.
Characterization was  performed using TEM, XRD, infrared spectra
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Table 3
Comparison of adsorption capacity of adsorbents (MNCs) for dyes.
Adsorbent Adsorbate Adsorption capacity
(mg/g)
pH Temp. (◦C) Kinetic model Isotherm Reference
Maghemite (-Fe2O3) nanoparticles Methyl orange 4.5 × 10−3 mmol/g 7 – Pseudo 2nd order Langmuir Luo and Zhang (2009)
Magnetic nanoparticles (Fe2O3) Acridine orange 59 4 24 Pseudo 2nd order Freundlich Qadri et al. (2009)
Ethylenediamine-modiﬁed magnetic chitosan nanoparticles Acid orange 7 1214 3 25 Pseudo 2nd order Langmuir Zhou et al. (2011)
Ethylenediamine-modiﬁed magnetic chitosan nanoparticles Acid orange 10 1017 3 25 Pseudo 2nd order Langmuir Zhou et al. (2011)
Magnetic Fe3O4/C core–shell nanoparticles Cresol red 11.22 3 – – – Zhang and Kong (2011)
Halloysite nanotube – Fe3O4 magnetic nanoparticles Neutral red 13.62 – – – – Xie et al. (2011)
Halloysite nanotube – Fe3O4 magnetic nanoparticles Methyl orange 0.65 – – – – Xie et al. (2011)
Iron oxides/N-benzyl-O-carboxy-methyl chitosan magnetic
nanoparticles
Crystal violet 248.42 7 – Pseudo 2nd order Langmuir Debrassi et al. (2012a)
Iron oxides/N-benzyl-O-carboxy-methyl chitosan magnetic
nanoparticles
Malachite green 114.79 7 – Pseudo 2nd order Langmuir Debrassi et al. (2012a)
Magnetic carbon-iron oxide nanocomposite Crystal violet 111.8 8.5 50 – Langmuir Singh et al. (2011)
Polymer modiﬁed magnetic nanoparticles Crystal violet 208.3 7.5 – Pseudo 2nd order Langmuir Ge et al. (2012)
Polymer modiﬁed magnetic nanoparticles Alkali blue 6B 22 7.5 – Pseudo 2nd order Langmuir Ge et al. (2012)
Magnetic Zn Fe2O4 nanoparticles Acid red 88 111.1 3.2 20 Pseudo 2nd order Langmuir Konicki et al. (2013)
Starch functionalized magnetic MWCNT Methyl orange 135.6 – – – – Chang et al. (2011)
Magnetic Fe3o4 @ graphene Congo red 33.06 – – Pseudo 2nd order Langmuir Yao et al. (2012)
Magnetic ferrite nanoparticle alginate composite Basic Blue 9 106 8 – Pseudo 2nd order Temkin Mahmoodi (2013)
Magnetic ferrite nanoparticle alginate composite Basic Blue 41 25 8 – Pseudo 2nd order Langmuir Mahmoodi (2013)
Magnetic ferrite nanoparticle alginate composite Basic Red 18 56 8 – Pseudo 2nd order Langmuir Mahmoodi (2013)
Magnetic graphene oxide orange G 20.85 3.5 – Pseudo 2nd order Langmuir Deng et al. (2013)
Super para-magnetic rectorite nanocomposite Neutral red 16.0 – – Pseudo 2nd order Freundlich Wu et al. (2011)
Super para-magnetic rectorite nanocomposite Methyl orange 0.36 – – Pseudo 2nd order Freundlich Wu et al. (2011)
Biodegradable hollow zein nanoparticles Reactive blue 19 1016 9 – – Langmuir Xu et al. (2013)
PANI/Co1−xMgx–Fe2O4 Bromopyrogallol red dye 0.4908 – – – – Farghali et al. (2010)
Magnetic N-lauryl chitosan nanocomposite Remazol red 198 267 – – Pseudo 2nd order Langmuir & Freundlich Debrassi et al. (2012b)
Magnetic zeolite/iron oxide nanocomposite Reactive Orange 16 1.1 – 25 ± 2 Pseudo 2nd order Langmuir Fungaro et al. (2011)
Magnetic zeolite/iron oxide nanocomposite Indigo Carmine 0.58 2 25 ± 2 Pseudo 2nd order Langmuir Fungaro et al. (2011)
Magnetic MWCNT composite Neutral red 9.77 2 35 Pseudo 2nd order Freundlich Gonga et al. (2009)
Magnetic MWCNT composite Brilliant cresyl blue 6.28 2 35 Pseudo 2nd order Freundlich Gonga et al. (2009)
Magnetic polymer MWCNT orange II 67.57 2 25 Pseudo 2nd order Langmuir Gao et al. (2013)
Magnetic polymer MWCNT Sunset yellow FCF 85.47 2 25 Pseudo 2nd order Langmuir Gao et al. (2013)
Magnetic polymer MWCNT Amaranth 47.39 2 25 Pseudo 2nd order Langmuir Gao et al. (2013)
Magnetic-modiﬁed MWCNT Crystal violet 227.7 7 – – Langmuir Madrakiana et al. (2011)
Magnetic-modiﬁed MWCNT Thionine 36.4 7 – – Langmuir Madrakiana et al. (2011)
Magnetic-modiﬁed MWCNT Janus green 250 7 – – Langmuir Madrakiana et al. (2011)
Magnetic Fe3o4 @ GPTMS and Gly Orange I 45 1.5 – Pseudo 2nd order Langmuir Zhang et al. (2013)
Magnetic Fe3o4 @ GPTMS and Gly Acid red 18 49 2 – Pseudo 2nd order Langmuir Zhang et al. (2013)
Magnetic Fe3o4 @ GPTMS and Gly Azure I 123 12 – Pseudo 2nd order Langmuir Zhang et al. (2013)
Magnetic Fe3o4 @ GPTMS and Gly Methyl Blue 158 2 – Pseudo 2nd order Langmuir Zhang et al. (2013)
Magnetic Fe3o4 @ GPTMS and Lys Orange I 83 2 – Pseudo 2nd order Langmuir Zhang et al. (2014)
Magnetic Fe3o4 @ GPTMS and Lys Acid red 18 71 2 – Pseudo 2nd order Langmuir Zhang et al. (2014)
Magnetic Fe3o4 @ GPTMS and Lys Azure I 190 13 – Pseudo 2nd order Langmuir Zhang et al. (2014)
Magnetic Fe3o4 @ GPTMS and Lys Methyl Blue 185 2 – Pseudo 2nd order Langmuir Zhang et al. (2014)
Aminoguanidine modiﬁed MNPs Acid green 25 95.2 1 – Pseudo 2nd order Langmuir Li et al. (2013b)
Aminoguanidine modiﬁed MNPs Acid violet 43 137 1 – Pseudo 2nd order Langmuir Li et al. (2013b)
Aminoguanidine modiﬁed MNPs Acid orange 20 120 1 – Pseudo 2nd order Langmuir Li et al. (2013b)
Aminoguanidine modiﬁed MNPs Acid red 27 83.3 1 – Pseudo 2nd order Langmuir Li et al. (2013b)
Aminoguanidine modiﬁed MNPs Methyl blue 165 1 – Pseudo 2nd order Langmuir Li et al. (2013b)
Graphene-Fe3O4 nanocomposite Pararosaniline 198.23 3–5 25 Pseudo 2nd order Langmuir Wu et al. (2013)
Chitosan suppoted CNT-MNPs Acid red 18 809.9 6.5 50 Pseudo 2nd order Redlich–Peterson Wang et al. (2014)
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IRS) and TGA. The cationic dyes were quickly withdrawn from
ater solution with high efﬁciency at pH 5–12. The adsorption
apacity of MNPs was found to be 208.3 mg/g, 128.7 mg/g and
2 mg/g for CV, MB,  and AB 6B respectively. Desorption was per-
ormed with methanol and acetic acid and adsorption capacity of
dsorbent after 4 adsorption/desorption cycle was  found to be 90%
Ge et al., 2012).
Konicki et al. (2013) synthesized magnetic ZnFe2O4 (MNZnFe)
y microwave assisted hydrothermal method for the removal
f acid dye Acid Red 88 (AR88) from aqueous solution. The
ffects of various parameters such as initial AR88 concentration
10–56 mg/L) pH solution (3.2–10.7), and temperature (20–60 ◦C)
ere investigated. Prepared magnetic ZnFe2O4 was  characterized
y XRD, SEM, TEM, AES, BET, FTIR, and measurements of the mag-
etic susceptibility. Thermodynamic parameters, G◦, H◦ and
S◦ indicate that the adsorption of AR88 onto MNZnFe was spon-
aneous and exothermic in nature. Desorption efﬁciency of AR88
rom MNZnFe in acetone and methanol was found to be 63% and
1%, respectively.
Soluble starch-functionalized magnetic multiwall carbon nano-
ube composites (MWCNT-starch) were prepared by synthesizing
ron oxide nanoparticles at the surface of MWCNT-starch to
mprove the hydrophilicity and biocompatibility of MWCNTs
Chang et al., 2011). Characterization studies were performed by
TIR, UV–vis spectroscopy, XRD, TEM and TG showed that the
tarch component (about 14.3 wt%) was covalently grafted onto the
urface of MWCNT. MWCNT-starch-iron oxide exhibits superpara-
agnetic properties with a saturation magnetization (23.15 emu/g)
nd better adsorption for anionic methyl orange (MO) and cationic
ethylene blue (MB) dyes than MWCNT-iron oxide.
The adsorption of methylene blue (MB) from an aqueous solu-
ion by Polyacrylic acid-bound iron oxide magnetic nanoparticles
as studied by Sou-Yee Mak. In the aqueous solution of MB  at
5 ◦C, the adsorption data ﬁt with the Langmuir equation with
 maximum adsorption amount of 0.199 mg/mg  and a Langmuir
dsorption equilibrium constant of 10.1 mL/mg. The adsorption
apacity increased with increase in solution pH (2–10) and the
dsorption process was endothermic in nature with an enthalpy
hange (H) of 30.9 kJ/mol between 10 and 40 ◦C (Mak  and Chen,
004). Table 4 affords the adsorption capability of various MNCs
oward MB  dye.
Yao et al. (2012) described the synthesis of magnetic
e3O4@graphene composite (FGC) and its use in dye removal of MB
nd CR from aqueous media. The structure, surface, and magnetic
haracteristics were investigated by SEM, TEM, ED, X-ray spectrom-
ter, XRD, FTIR, and TGA. Through a chemical deposition method,
e3O4 nanoparticles in a size of 30 mm were homogeneously dis-
ersed onto graphene sheets. The maximum adsorption capacities
f MB  and CR on FGC were found to be 45.27 and 33.66 mg/g, respec-
ively.
Magnetic ferrite nanoparticle (nickel–zinc ferrite)
MFN)–alginate composite was synthesized and characterized
y Mahmoodi (2013). The dye removal ability of MFN–alginate
rom single and binary systems was studied. The characteristics
f MFN–alginate were studied using XRD, SEM and FTIR. Basic
lue 9 (BB9), Basic Blue 41 (BB41) and Basic Red 18 (BR18) were
sed as model dyes. The maximum dye adsorption capacity (Q0) of
FN–alginate was 106 mg/g, 25 mg/g, and 56 mg/g for BB9, BB41
nd BR18, respectively.
Deng et al. (2013) used magnetic graphene oxide (MGO) as
n adsorbent for simultaneous removal of Cd (II) and ionic dyes,
ncluding methylene blue (MB) and orange G (OG). MGO adsorbent
as characterized by TEM, SEM, XRD and XPS. In mono-component
ystem, the maximum sorption capacities in ultrapure water for
d (II), MB  and OG were 91.29 mg/g, 64.23 mg/g and 20.85 mg/g,
espectively. The sorption capacity suppressed for Cd (II) with, Monitoring & Management 1–2 (2014) 36–49
increasing MB  concentration and almost was not affected for MB
by increasing Cd (II) concentration in Cd (II)–MB binary system. In
tap water samples, the sorption capacity for Cd(II) was 65.39% of
that in ultrapure water.
Wu et al. (2011) synthesized superparamagnetic Fe3O4
nanoparticles on the rectorite (REC) to develop an adsorbent
(REC-Fe3O4) which was explored to adsorb three dyes, namely
methylene blue (MB), neutral red (NR) and methyl orange (MO).
Characterization of REC-Fe3O4 by FTIR, TEM and XRD showed that
REC was attached with clusters of Fe3O4 nanoparticles. Magnetic
properties revealed that REC-Fe3O4 was  superparamagnetic with
a saturation magnetization (19.14 emu/g). The adsorption behav-
ior of the REC and REC-Fe3O4 illustrated that it exhibited good
adsorption for MB  and NR, while the adsorption of MO was  very
little.
-Carrageenan coated magnetic iron oxide nanoparticles (NPs)
were produced by Salgueiro et al. (2013) and tested for the mag-
netically assisted removal of methylene blue (MB) from aqueous
solutions. The resulting composite NPs were superparamagnetic
and contained ca. 12 wt% carrageenan. The MB  uptake ability was
found to deviate with the pH solution and was  larger in alka-
line conditions. Both pseudo-ﬁrst-order and pseudo-second-order
equations predicted well the dynamics with the maximum adsorp-
tion achieved very fast, within 5 min. The MB  adsorption has shown
an unusual Z-type isotherm, which proposes the generation of new
adsorbing sites with increasing MB  initial concentration.
Xu et al. (2013) developed biodegradable hollow zein nanopar-
ticles (HZN) with diameters less than 100 nm to remove reactive
dyes from simulated post-dyeing wastewater with remarkably
high efﬁciency. HZN showed higher adsorption for Reactive Blue
19 than solid structures, and the adsorbed amount increased as
the temperature decreased, pH decreased or initial dye concen-
tration increased. At pH 6.5 and pH 9.0, increasing electrolyte
concentration could improve dye adsorption signiﬁcantly. Under
the simulated post-dyeing condition with 50.0 g/L salts and pH 9.0,
maximum adsorption of 1016.0 mg  dye per gram zein nanoparticles
could be obtained.
Magnetic nanoparticles (MNPs) were developed and modi-
ﬁed with 3-glycidoxypropyltrimethoxysilane (GPTMS) and glycine
(Gly) by Zhang et al. (2013). The characterization was performed by
TEM, XRD, IR and TGA. The MNPs were employed for the removal
of both anionic and cationic dyes in highly acidic and strong alka-
line environment. The experimental data ﬁt well with pseudo
second order kinetics and adsorption behavior is reliable to Lang-
muir isotherm. Reusability of adsorbents was effectively done using
ethanol and HCl or NaOH.
Zhang et al. (2014) developed a glycidoxypropyltrimethoxysi-
lane (GPTMS) and Lysine (Lys) modiﬁed MNPs for sequestration of
anionic and cationic dyes. MNPs was characterized by TEM, XRD, IR
and TGA. The presence of the more amine group not only improves
the maximum adsorption capacities for anionic dyes, but also efﬁ-
ciently removes cationic dyes. The experimental data follow pseudo
second order kinetics and adsorption behavior is consistent with
Langmuir isotherm. Desorption was  performed with ethanol and
HCl or NaOH.
Li et al. (2013b) produced aminoguanidine (AG) modiﬁed MNPs
and characterized by TEM, XRD, VSM and IR. The nanocomposite is
tested for adsorption of different acid dyes and maximum adsorp-
tion was achieved at pH 1.3–2.5. Adsorption kinetics are described
by pseudo second order model and adsorption behavior ﬁt well
with Langmuir isotherm. Further, the Dubinin–Radushkevich (D–R)
isotherm model describes the participation of chemical adsorp-
tion. Since maximum adsorption occurred at pH not beyond 4,
desorption was  excellently carried out using NH4OH/NH4Cl at pH
10. Adsorption capacity of nanocomposites remains excellent after
three cycles of reusability.
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Table  4
Comparison of adsorption capacity of various MNCs for the removal of methylene blue dye.
Adsorbent Adsorption
capacity (mg/g)
pH Temp. (◦C) Kinetic model Isotherm Reference
Magnetic Fe3O4/C core–shell nanoparticles 44.38 10 – – – Zhang and Kong (2011)
Halloysite nanotube – Fe3O4 magnetic
nanoparticles
18.44 – – – – Xie et al. (2011)
Anionic biopolymer coated magnetic
nanoparticles
78.67 6 28 Pseudo 2nd order Langmuir and
Redlich Peterson
Inbaraj (2011)
Iron oxides/N-benzyl-O-carboxy-methyl
chitosan magnetic nanoparticles
223.58 7 – Pseudo 2nd order Langmuir Debrassi et al. (2012a)
Polymer modiﬁed magnetic nanoparticles 128.7 7.5 – Pseudo 2nd order Langmuir Ge et al. (2012)
Starch functionalized magnetic MWCNT 93.7 – – – – Chang et al. (2011)
Polyacrylic acid-bound iron oxide magnetic
nanoparticles
199 9 25 – Langmuir Mak  and Chen (2004)
Magnetic Fe3o4 @ grapheme 45.27 – – Pseudo 2nd order Langmuir Yao et al. (2012)
Magnetic MWCNT composite 11.86 2 35 Pseudo 2nd order Freundlich Gonga et al. (2009)
Magnetic graphene oxide 64.23 10 – Pseudo 2nd order Langmuir Deng et al. (2013)
Super para-magnetic rectorite nanocomposite 18.6 – – Pseudo 2nd order Freundlich Wu et al. (2011)
-Carrageenan coated magnetic iron oxide
nanocomposite
185.3 9 23 Pseudo 1st & 2nd order Z-type Salgueiro et al. (2013)
Magnetic Fe3O4 -activated carbon
nanocomposite
321 – 25 – Langmuir Yang et al. (2008)
Magnetic-modiﬁed MWCNT 48.1 7 – – Langmuir Madrakiana et al. (2011)
Magnetic Fe3o4 @ GPTMS and Gly 357 12.5 – Pseudo 2nd order Langmuir Zhang et al. (2013)
Magnetic chitosan and graphene oxide nano
composite
179.6 10 – Pseudo 2nd order Langmuir Fan et al. (2012)
EDTAD modiﬁed magnetic chitosan 113.26 – – Pseudo 2nd order Sipss Xia et al. (2013)
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aMagnetic bioadsorbent was synthesized with magnetic chitosan
nd graphene oxide and employed for the removal of methy-
ene blue dye from aqueous solution by Fan et al. (2012). The
omposite material was characterized by SEM, FTIR and XRD mea-
urements. The nano composite was tested against MB dye. High
urface area of nanocomposite enhanced adsorption active sites as
t offered a beneﬁcial state for drawing in additional target sub-
tances around the sites and equally improved the absorption rate
nd adsorption capacities. The experimental data pursue pseudo
econd order kinetic and Langmuir isotherm. Maximum adsorption
f 179.6 mg/g for initial concentration of 10 mg/L was  achieved at
H 10.
Graphene-Fe3O4 nanocomposite was synthesized by solvother-
al  method and analyzed for the adsorption of organic dye
ararosaniline (Wu et al., 2013). The dye adsorption rate increased
ith increasing pH from 3 to 5 and found no considerable change
ver 5 pH. The pseudo second order model and Langmuir isotherm
recisely describe the experimental adsorption data. The Langmuir
dsorption capacity for the maximum removal of pararosani-
ine found to be 198.23 mg/g. Desorption ratio was 92% and the
anocomposites were regenerated using ethanol at pH 3.
Chitosan supported carbon nanotube (CS/CNT) was  synthesized
hrough “surface deposition-crosslinking” method and implanted
ith MNP  by Wang et al. (2014). The nanocomposite examined for
equestration of anionic azo dye Acid red 18 (AR 18). The maxi-
um adsorption capacity of 809.9 mg/g was reached at 50 ◦C. The
eusability and desorption of nanocomposite found to be consistent
or ten successive cycles.
Xia et al. (2013) constructed a ethylenediaminetetraacetic
ianhydride (EDTAD)-modiﬁed magnetic Chitosan (EMC) complex
sing glutaraldehyde as a cross-linking agent and exempliﬁed using
EM, XRD, potentiometric titration, and FTIR. The nano composite
as tested for adsorption of MB dye and the maximum adsorp-
ion capacity of 113.26 mg/g was reached at optimum condition.
he adsorption process was well described by Sips isotherm and
seudo second order model. The efﬁciency ratio of regeneration of
anocomposite and recovery of MB  was deliberated to be 82.82%
nd 80.72%, respectively.10. Advantages of MNCs over MCs
Nanotechnology is currently engaged in an extended range of
ﬁelds, including environmental and water treatment technology
(Mak  and Chen, 2004). The application of metal oxides Fe2O3,
Fe3O4, TiO2 and Al2O3 as an adsorbent in singular or composite form
become the ﬁrst generation of nanoscale environmental cleanup
technology (Xiao et al., 2013; Yao et al., 2012). Comparing to con-
ventional natural or synthetic adsorbents at macro size, the MNCs
possesses a very good compensation because of its reduced size,
promising greater surface area and its high speciﬁc surface reac-
tivity. In addition, the MNCs can be tailored to speciﬁc adsorbent
sequestration by modifying the functional group of the adsorbent
or by changing the ionic strength of the solution or by altering
the active sites of the MNCs (Zhou et al., 2011; Zhang and Kong,
2011; Inbaraj, 2011; Debrassi et al., 2012a; Konicki et al., 2013).
The recovery and regeneration of the adsorbent become ease and
reusability of nanocomposites for the successive cycles, shows an
excellent efﬁciency after 3–10 adsorption–desorption cycles (Wu
et al., 2013; Wang et al., 2014; Xia et al., 2013). The temperature
needed for regeneration of MNCs is very low, the energy eaten
up for regeneration is >50% of other technologies, low operating
pressure, low pressure drop, the performance has no restriction
by orientation and resistance to vibration, i.e., high ﬂexibility and
durability, compact size, possesses rapid adsorption kinetics, do
not generate contamination, can be completely saturated and com-
pletely recovered without any damage (Singh et al., 2011; Mak and
Chen, 2004; Yao et al., 2012; Mahmoodi, 2013; Deng et al., 2013;
Xu et al., 2013; Wu et al., 2013; Xia et al., 2013). The high surface
area to volume ratios results in MNCs to have higher adsorption
capacities relative to macroscopic adsorbents, MCs. The high sur-
face area produces rapid adsorption kinetics and thus relatively
short contact time. Furthermore, these nanocomposites are mag-
netic, as they can be well separated from aqueous streams using
an external magnetic ﬁeld. On the whole, the unique attributes
of magnetic nanocomposites and their overlap with current treat-
ment technologies becoming a revolutionizing tool for wastewater
treatments.
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1. Adsorption reaction model
Concerning adsorption, the adsorption reaction model deter-
ines the adsorption performance and mechanism, i.e., the
quilibrium time required for the uptake of dyes from a liquid
olution, the time required for completion of adsorption reaction
hich determines the solute uptake rate (Qiu et al., 2009; Shankar
t al., 2012). Various kinetic models have been proposed for an
dsorption process, in which pseudo-ﬁrst order kinetics and pseudo
econd order kinetics are primarily discussed.
1.1. Pseudo-ﬁrst-order rate equation
Lagergren (1898) introduced a ﬁrst-order rate equation to
escribe the kinetic process of liquid-solid phase adsorption of
xalic acid and malonic acid onto charcoal, which is considered
o be the earliest model pertaining to the adsorption rate based on
he adsorption capacity. It can be constructed as follows:
dqt
dt
= kp1(qe − qt), (3)
here qe and qt (mg/g) are the adsorption capacities at equilibrium
nd time t (min), respectively. kp1 (min−1) is the pseudo-ﬁrst-order
ate constant for the kinetic model. Integrating above equation with
he boundary conditions of qt = 0 at t = 0 and qt = qt at t = t, yields (Ho,
004).
n
qe
qe − qt = kp1t, (4)
hich can be rearranged to:
og(qe − qt) = log qe −
kp1t
2.303
(5)
To distinguish kinetic equations based on the adsorption
apacity from solution concentration, Lagergren’s ﬁrst order rate
quation has been called pseudo ﬁrst order. In recent years, it has
een widely used to describe the adsorption of pollutants from
astewater in different ﬁelds, such as the adsorption of dyes from
queous solution by natural and synthetic adsorbents (Qiu et al.,
009; Lagergren, 1898; Crini, 2005).
1.2. Pseudo-second-order rate equation
In 1998, Ho described a kinetic process of the adsorption of diva-
ent metal ions onto peat, in which the chemical bonding among
ivalent metal ions and polar functional groups on peat, such as
ldehydes, ketones, acids, and phenolics are responsible for the
ation-exchange capacity of the peat. The principal assumptions
re, the adsorption may  be second-ordered, and the rate limiting
tep may  be chemical adsorption involving valent forces through
haring or the interchange of electrons between the peat and diva-
ent metal ions. In summation, the adsorption follows the Langmuir
quation (Ho and McKay, 2000). It can be presented as a possibility
dqt
dt
= kp2(qe − qt)2 (6)
Integrating the above equation with the boundary conditions of
t = 0 at t = 0 and qt = qt at t = t, yields
1
qe − qt =
1
qe
+ kp2t (7)
hich can be rearranged to:
t 1 t
qt
=
kp2q2e
+
qe
(8)
here kp2q2e (mg/(g min)) means the initial adsorption rate, and
he constants can be determined experimentally by plotting of t/qt, Monitoring & Management 1–2 (2014) 36–49
against t. Similarly, Ho’s second-order rate equation has been called
pseudo-second-order rate equation to distinguish kinetic equa-
tions based on the adsorption capacity for concentration of solution.
This equation has been successfully applied to the adsorption of
dyes from aqueous solutions (Qiu et al., 2009; Ho, 2006; Cheng
et al., 2008).
12. Adsorption diffusion models
In general, the liquid–solid adsorption involves diffusion and
found that, it predominantly controls the kinetic process of adsorp-
tion i.e., one of the processes should be the rate limiting step.
Adsorption diffusion models are invariably made on the founda-
tion of three consecutive steps (Qiu et al., 2009; Lazaridis and
Asouhidou, 2003): (1) diffusion across the liquid ﬁlm surrounding
the adsorbent particles, i.e., external diffusion or ﬁlm diffusion; (2)
diffusion in the liquid contained in the pores and/or along the pore
walls, which is so-called internal diffusion or intra-particle diffu-
sion; and (3) adsorption and desorption between the adsorbent and
active sites, i.e., mass action. However, adsorption reaction models
originating from chemical reaction kinetics are based on the whole
process of adsorption without considering these steps mentioned
above.
12.1. Liquid ﬁlm diffusion model
The ﬁlm diffusion mass transfer rate equation (Boyd et al., 1947)
presented as
ln
(
1 − qt
qe
)
= −R1t (9)
Rl = 3D
l
e
r0r0k
(10)
where Rl (min−1) is the liquid ﬁlm diffusion constant, Dle (cm2/min)
is effective liquid ﬁlm diffusion coefﬁcient, r0 (cm) is radius of
adsorbent beads, r0 (cm) is the thickness of liquid ﬁlm, and k is the
equilibrium constant of adsorption. A plot of should be a straight
line with a slope – Rl, if the ﬁlm diffusion is the rate determining
step. Then the corrected liquid ﬁlm diffusion coefﬁcient Dle can be
judged according to linear driving force rate law as below (Cooney,
1999),
∂q
∂t
= kf s0(C − Ci) (11)
where kf is ﬁlm mass transfer coefﬁcient, s0 is the ratio between
the particle surface area per unit particle volume, Ci and C denote
the concentration of solute at the particle/liquid interface and in the
bulk of the liquid far from the surface. The ﬁlm diffusion mass trans-
fer rate equation has been successfully applied to model several
liquid/solid adsorption processes (Ho et al., 2000).
12.2. Intraparticle diffusion model
Weber and Morris (1962) theorized that the rate of intraparticle
diffusion varies proportionally with the half power of time and is
expressed as:
qt = Kid(t1/2) + C, (12)
where qt is adsorbate uptake at time t, (mg/g), Kid is the rate con-
stant of intra-particle transport, (mg/g−t1/2). The value of intercept,
C is related to the boundary layer thickness, i.e., the larger the value
of the intercept, the greater is the boundary layer effect (Kannan
and Rengasamy, 2005). According to Weber and Morris, if the rate
limiting step is intraparticle diffusion, a plot of solute adsorbed
against the square root of the contact time should yield a straight
ology
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ine passing through the origin. Besides, the rate constant for intra-
article diffusion is obtained from the incline of the curve (Ho et al.,
000).
3. Adsorption isotherm
Two important physico-chemical aspects for evaluation of the
iosorption process as a unit operation are the kinetics and the
quilibria of adsorption (Pandey et al., 2007). Modeling of the equi-
ibrium data has been performed using the Langmuir, Freundlich
nd Redlich–Peterson isotherms (Zhu and Alexandratos, 2005). The
angmuir and Freundlich isotherms are represented as follows (13)
nd (14), respectively.
1
qe
)
=
(
1
qmax
)
+
[
1
qbmax
](
1
Ce
)
, (13)
n qe = 1
n
(ln Ce) + ln KF, (14)
here b is the Langmuir isotherm constant, KF is the Freundlich
onstant, and n is the Freundlich exponent. 1/n  is a measure of the
urface heterogeneity ranging between 0 and 1, becoming more
eterogeneous as its value gets closer to zero. The ratio of Qo gives
he theoretical monolayer saturation capacity of adsorbent.
The essential characteristic of the Langmuir equation can be
xpressed in terms of dimension factor, RL, which was deﬁned (Ho
nd McKay, 1998) as:
L =
1
(1 + KLC0)
, (15)
here C0 is the highest initial metal concentration (mg/L). The value
f RL indicates the nature of adsorption as unfavorable (RL > 1), lin-
ar (RL = 1), favorable (0 < RL < 1) or irreversible (RL = 0).
The Redlich–Peterson equation describes adsorption on hetero-
eneous surfaces, as it contains the heterogeneity factor ˇ. This
quation has three parameters, A, B and ˇ. Parameter  ˇ ranges
etween 0 and 1. It can be reduced the Langmuir equation as ˇ
pproaches 1. A, B and  ˇ were determined by curve ﬁtting.
Ce
Qe
=
(
B
A
)
+
(
1
A
)
Cˇe , (16)
Thermodynamic parameters such as free energy (G0),
nthalpy (H0) and entropy (S0) changes in the process can be
stimated using the following equations:
G0 = −RT ln b, (17)
G0 = −H0 − TS0, (18)
here b is Langmuir constant. The plot of ln b versus 1/T for the
dsorption process determines the change in free energy and the
egative change in free energy (G0 < 0) indicated that the adsorp-
ion process a thermodynamically favorable.
4. Perspectives
The adsorption of dyes using MCs  and MNCs had been com-
iled and reviewed in this paper. From the literature, adsorption of
yes using MCs  and MNCs is predicted to have enhanced perfor-
ance. However, the comparison between the two  composites is
ust a guideline. From this reassessment, we would wish to high-
ight that, low production cost with high adsorption efﬁciency as
ell as a multipurpose adsorbent suitable for all forms of pol-
utants should be chosen, since the choice of the adsorbent is an
mportant event in deciding an appropriate adsorbent to be imple-
ented in large scale. This review discloses that MCs and MNCs
sed for the dye adsorption involve ease of preparation method
nd inexpensive chemical reagents. However, economic feasibility, Monitoring & Management 1–2 (2014) 36–49 47
should be enhanced by examining the effectiveness of regen-
eration of magnetic composites, since regeneration studies will
determine the reusability of the magnetic composite. The kinetic
studies, isotherms and diffusion models were employed widely
for ﬁtting kinetic data for understanding the interaction between
adsorbate and adsorbent, rate of adsorption and efﬁciency and fea-
sibility of adsorbent to uptake solute molecules. On the other hand,
many new effective softwares are developed to solve complex
data and mathematical models which are expected to depict more
accurately and helps in understanding the insight of mechanism.
Further, the use of scanning electron microscope (SEM), energy dis-
persive X-ray spectroscopy (EDX), X-ray diffraction (XRD) analysis,
electron spin resonance (ESR), X-ray photoelectron spectroscopy
(XPS), and thermogravimetric analysis (TGA) are extremely recom-
mended for characterization studies.
15. Conclusion
This review indicates that adsorption using MCs  and MNCs is
becoming a promising option to replace conventional adsorbents
in removing dyes. This review also indicates that these mag-
netic composites have an equivalent or even more adsorption and
regeneration capacity to locally available adsorbents and activated
carbon. And wholly the same, difﬁculty stands high in comparing
different adsorbent, since different parameters are taken into con-
sideration in evaluating the overall performance of the adsorbent.
However, adsorbents coming out at long last with high adsorption
efﬁciency for the handling of waste water containing dyes will be
successfully commercialized as a beneﬁciary to society.
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